Purpose: To evaluate in healthy volunteers the usefulness of an abdominal compression belt in reducing acquisition time by stabilizing respiratory motion during whole-heart coronary magnetic resonance angiography (WHCMRA) using conventional navigator triggering.
Introduction
Whole-heart coronary magnetic resonance angiography (WHCMRA) has recently been used to obtain relatively high-quality noninvasive images of the whole coronary arteries in a single acquisition. [1] [2] [3] [4] [5] [6] [7] However, because images must be obtained under both cardiac and respiratory gating, long acquisition is a major drawback of this technique. A navigator echo is commonly used to monitor the movement of the diaphragm and gate respiratory motion during free breathing. Therefore, acquisition time, and probably image quality, can depend strongly on respiratory as well as cardiac motion.
Occasionally, an abdominal compression belt is used to reduce respiratory motion artifacts in the abdominal or pelvic region by suppressing the degree of respiratory motion. [8] [9] [10] This technique has been attempted for WHCMRA to reduce acquisition time by stabilizing respiratory motion, but usefulness of the belt has not been reported for WHCMRA.
Therefore, in healthy volunteers, we evaluated the usefulness of an abdominal compression belt in improving acquisition time and image quality of free-breathing 3-dimensional (3D) segmented true fast imaging with steady-state precession (trueFISP) WHCMRA using a conventional navigator-triggered method.
Materials and Methods

Study group
This prospective single-institution study was approved by the Institutional Review Board of this facility. Informed written consent was obtained from each volunteer.
We examined 10 healthy male volunteers (aged 24-40 years, median, 31.8 years) with no history of heart disease, and in sinus rhythm (mean heart rate, 68.6±10.2 beats per minute [bpm]; range, 51-86 bpm). The mean body mass index was 22.7 (range, 19.2-26.1).
MR imaging examinations
We performed magnetic resonance (MR) imaging using a commercial 1.5T scanner (Magnetom Avanto, Siemens Medical Solutions, Erlangen, Germany) with a 6-element body phased-array coil as radiofrequency receiver.
All images were obtained during free breathing in the supine position. The abdominal compression belt was rolled tightly during deep inspiration, ensuring subject's comfort. We performed an initial 2-dimensional transverse trueFISP sequence to localize the entire heart and include the coronary arteries. We deˆned subject-speciˆc trigger delay time and the interval of minimal right coronary artery (RCA) motion in mid-diastole by visually inspecting RCA movement using a transverse view cine segmented trueFISP sequence with high temporal resolution (25 phases per RR interval). We obtained WHCMRA covering all coronary arteries in a transverse orientation using a 3D segmented trueFISP sequence: repetition time/echo time (TR/TE), 3.6/1.61 ms; ‰ip angle, 909 ; number of signals acquired per cardiac cycle, 31; bandwidth per pixel, 980 Hz;ˆeld of view (FOV), 300×225× 120 mm; acquisition matrix, 256×229×128; reconstruction matrix, 512×459×128; and reconstructed voxel size, 0.6×0.6×1.5 mm. We used the fast acquisition parallel imaging technique of generalized autocalibrating partially parallel acquisitions (GRAPPA) with an acceleration factor of 2. We prepared magnetization by applying a T2 preparation pulse (TR, 6.0 ms, TE, 1.8 ms; ‰ip angle, 309 ) with echo time 40 ms. A fat-saturation pulse was also applied. To compensate for respiratory motion, we used conventional prospective navigator gating. We produced spin-echo navigator signals by partially crossing 2 radiofrequency (RF) pulses, with ‰ip angles of 909and 1809and each slice thickness 10 mm, centering on the body axis and including the top of the right diaphragm. If the top of the right diaphragm was within the acceptance window of 5 mm at the end-expiratory phase during image acquisition, coronary artery data were acquired. We determined the base position of the navigator using a brief scout scan obtained previously with the same parameters. We did not use motion-adapted gating because we wanted to evaluate the pure eŠect of the abdominal compression belt; motion-adapted gating can automatically adjust the navigator's base position according to the shift of the diaphragm's base position from change in respiratory state during image acquisition. [11] [12] [13] [14] After initial WHCMRA acquisition, we released the abdominal compression belt to obtain WHCMRA without compression; we used the same parameters except for slice position and navigator location.
Data analysis
For each scan, we recorded the total number of respiratory (R-R) intervals and navigator e‹ciency, which was deˆned as the ratio of the number of R-R intervals that fell within the acceptance window to the total number of R-R intervals for the acquisition. The acquisition time was also recorded.
Curved multiplanar reformations of the coronary arteries, the left anterior descending (LAD) artery, left circum‰ex (LCx) artery, and RCA were performed on a commercially available workstation (Advantage Workstation 4.2; GE Healthcare, Milwaukee, WI, USA) by a radiologist (A) blinded to information regarding the abdominal compression belt. The curved length of each visualized artery was measured by tracing a path from its origin to the most distal portion visible in the reformatted image.
Two other radiologists (B and C), each with more than 5 years' experience in evaluating MR images, assessed image quality by consensus. The reformatted coronary arteries of each volunteer were printed onˆlm in random order in terms of subjects, arteries, and presence or absence of the abdominal compression belt, with the image window and level adjusted appropriately. The image quality was ranked using Kim's previously reported scale (2): 1＝poor/uninterpretable (coronary artery visible with markedly blurred borders or edges); 2 ＝good (coronary artery visible with moderately blurred borders or edges); 3＝very good (coronary artery visible with mildly blurred borders or edges); and 4＝excellent (coronary artery visible with sharply deˆned borders or edges).
Statistical analysis
We performed statistical analyses using StatView software (version 5.0; SAS Institute, Cary, NC, USA). We used paired t-test to compare image acquisition time, navigator e‹ciency, and visible length of coronary arteries between the data obtained with and without the abdominal compression belt. We used Wilcoxon signed-rank test to compare subjective image quality. A P valueº0.05 was considered statistically signiˆcant.
Results
All WHCMRA were successfully completed. Figure 1 shows a set of representative images acquired with and without the abdominal compression belt. 
Discussion
Prior to this study, we believed that the abdominal compression belt would reduce the acquisition time for WHCMRA and improve image quality, but in healthy volunteers, whose respiratory cycles are regular, this was not the case. Rather, use of the belt would be helpful in assessing patients whose respiratory cycles are irregular by stabilizing respiratory motion and thereby reducing data sampling error caused by irregular respiration.
In contrast, images obtained with the abdominal compression belt were slightly worse than those without, but not signiˆcantly diŠerent. One reason may be that change in respiratory cycle from the abdominal compression belt might aŠect acquisition time. The respiratory cycle is generally shortened by abdomen compression. Shortening expiratory time may reduce the number of available electrocardiogram-triggered data per expiration, thus increasing acquisition time; however, we could not prove this because we did not record the respiration rate after releasing the abdominal compression belt.
Another possible reason for our results is that the eŠect of the abdominal compression belt may depend on the navigator triggering method. We used conventional navigator triggering, in which the base position of the navigator (decided manually in advance) could not be changed during acquisition. New methods (for example, motion-adapted gating) have recently been developed that can automatically adjust the base position of the navigator depending on change in respiration during image acquisition. [11] [12] [13] [14] The eŠect of the abdominal compression belt with navigator methods such as this may diŠer from that with conventional techniques.
Another possibility is that the eŠect of the abdominal compression belt may depend on the way it is rolled. We rolled it tightly around the upper abdomen because we initially believed that this was most likely to reduce motion of the diaphragm. However, our negative results may have been caused by the overloaded tightness of the belt, which caused irregular breathing from discomfort. Looser rolling or rolling around the cardiac level might give diŠerent results.
Our study was limited by the small study population and exclusion of patients. We conducted all WHCMRA in healthy volunteers. In the clinical setting, image acquisition cannot be completed in some patients because of navigator insu‹ciency, partly because in patients, unlike healthy volunteers, the base position of the diaphragm would be more likely to shift during acquisition. In such case, the abdominal compression belt might be helpful by reducing excessive diaphragm shift.
Conclusion
In conclusion, in this small group of healthy volunteers, use of an abdominal compression belt did not reduce acquisition time or improve image quality in free-breathing trueFISP WHCMRA using a conventional navigator-triggered method; however, the feasibility of this technique requires additional consideration using other navigator-triggering methods and diŠerent rolling methods for patients whose respiratory cycles are irregular.
